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(57) ABSTRACT 

An aortic shunt apparatus and methods for cerebral embolic 
protection are described for isolating the aortic arch vessels 
from the aortic lumen, for selectively perfusing the arch 
vessels With a ?uid and for redirecting blood flow Within the 
aortic lumen and any potential embolic materials carried in 
the blood through a shunt past the isolated arch vessels. The 
perfusion shunt apparatus may be mounted on a catheter or 
cannula for percutaneous introduction or for direct insertion 
into the aorta. The perfusion shunt apparatus has application 
for protecting a patient from embolic stroke and hypoper 
fusion during cardiopulmonary bypass or cardiac surgery 
and also for selectively perfusing the cerebrovascular cir 
culation With oxygenated blood or With neuroprotective 
?uids in the presence of risk factors, such as head trauma or 
cardiac insuf?ciency. The perfusion shunt apparatus Will 
also ?nd application for selective perfusion of other organ 
systems Within the body. 

56 Claims, 14 Drawing Sheets 
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METHOD AND APPARATUS FOR 
CEREBRAL EMBOLIC PROTECTION 

CROSS REFERENCE TO OTHER PATENT 
APPLICATIONS 

This application is a continuation of application Ser. No. 
09/532,660, ?led Mar. 20, 2000, now US. Pat. No. 6,254, 
563, Which is a continuation of application Ser. No. 09/212, 
580, ?led Dec. 14, 1998, now US. Pat. No. 6,139,517, 
Which claims the bene?t of US. Provisional application Ser. 
No. 60/069,470, ?led Dec. 15, 1997, Which are hereby 
incorporated by reference in their entirety. 

FIELD OF THE INVENTION 

The present invention relates to an aortic shunt apparatus 
and methods for cerebral embolic protection by isolating the 
aortic arch vessels from the aortic lumen, selectively per 
fusing the arch vessels With a ?uid and directing blood ?oW 
Within the aortic lumen and any potential embolic materials 
carried in the blood through a shunt past the isolated arch 
vessels. 

The perfusion shunt apparatus of the present invention 
may be mounted on a catheter or cannula for percutaneous 
introduction or for direct insertion into a circulatory vessel, 
such as the aorta. The perfusion shunt apparatus has appli 
cation for protecting a patient from embolic stroke or 
hypoperfusion during cardiopulmonary bypass or cardiac 
surgery and also for selectively perfusing the cerebrovascu 
lar circulation With oXygenated blood or With neuroprotec 
tive ?uids in the presence of risk factors, such as head 
trauma or cardiac insuf?ciency. The perfusion shunt appa 
ratus Will also ?nd application for selective perfusion of 
other organ systems Within the body. 

BACKGROUND OF THE INVENTION 

Over the past decades tremendous advances have been 
made in the area of heart surgery, including such life saving 
surgical procedures as coronary artery bypass grafting 
(CABG) and cardiac valve repair or replacement surgery. 
Cardiopulmonary bypass (CPB) is an important enabling 
technology that has helped to make these advances possible. 
Recently, hoWever, there has been a groWing aWareness 
Within the medical community and among the patient popu 
lation of the potential sequelae or adverse affects of heart 
surgery and of cardiopulmonary bypass. Chief among these 
concerns is the potential for stroke or neurologic de?cit 
associated With heart surgery and With cardiopulmonary 
bypass. One of the likely causes of stroke and of neurologic 
de?cit is the release of emboli into the blood stream during 
heart surgery. Potential embolic materials include athero 
sclerotic plaques or calci?c plaques from Within the ascend 
ing aorta or cardiac valves and thrombus or clots from Within 
the chambers of the heart. These potential emboli may be 
dislodged during surgical manipulation of the heart and the 
ascending aorta or due to high velocity jetting (sometimes 
called the “sandblasting effect”) from the aortic perfusion 
cannula. Air that enters the heart chambers or the blood 
stream during surgery through open incisions or through the 
aortic perfusion cannula is another source of potential 
emboli. Emboli that lodge in the brain may cause a stroke or 
other neurologic de?cit. Clinical studies have shoWn a 
correlation betWeen the number and siZe of emboli passing 
through the carotid arteries and the frequency and severity of 
neurologic damage. At least one study has found that frank 
strokes seem to be associated With macroemboli larger than 
approximately 100 micrometers in siZe, Whereas more subtle 
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2 
neurologic de?cits seem to be associated With multiple 
microemboli smaller than approximately 100 micrometers 
in siZe. In order to improve the outcome of cardiac surgery 
and to avoid adverse neurological effects it Would be very 
bene?cial to eliminate or reduce the potential of such 
cerebral embolic events. 

Several medical journal articles have been published 
relating to cerebral emboliZation and adverse cerebral out 
comes associated With cardiac surgery, e.g.: Determination 
or SiZe of Aortic Emboli and Embolic Load During Coro 
nary Artery Bypass Grafting; Barbut et al.; Ann Thorac Surg 
1997; 63; 1262—7; Aortic Atheromatosis and Risks of Cere 
bral EmboliZation; Barbut et al.; J Card & Vasc Anesth, Vol 
10, No 1, 1996; pp 24—30; Aortic Atheroma is Related to 
Outcome but not Numbers of Emboli During Coronary 
Bypass; Barbut et al.; Ann Thorac Surg 1997; 64; 454—9; 
Adverse Cerebral Outcomes After Coronary Artery Bypass 
Surgery; Roach et al.; NeW England J of Med, Vol 335, No 
25, 1996; pp 1857—1863; Signs of Brain Cell Injury During 
Open Heart Operations; Past and Present; .ANG.berg; Ann 
Thorac Surg 1995; 59; 1312—5; The Role of CPB Manage 
ment in Neurobehavioral Outcomes After Cardiac Surgery; 
Murkin; Ann Thorac Surg 1995; 59; 1308—11; Risk Factors 
for Cerebral Injury and Cardiac Surgery; Mills; Ann Thorac 
Surg 1995; 59; 1296—9; Brain Microemboli Associated With 
Cardiopulmonary Bypass; A Histologic and Magnetic Reso 
nance Imaging Study; Moody et al.; Ann Thorac Surg 1995; 
59; 1304—7; CNS Dysfunction After Cardiac Surgery; 
De?ning the Problem; Murkin; Ann Thorac Surg 1995; 59; 
1287+; Statement of Consensus on Assessment of Neurobe 
havioral Outcomes After Cardiac Surgery; Murkin et al.; 
Ann Thorac Surg 1995; 59; 1289—95; Heart-Brain Interac 
tions; Neurocardiology Comes of Age; Sherman et al.; Mayo 
Clin Proc 62: 1158—1160, 1987; Cerebral Hemodynamics 
After LoW-FloW Versus No-FloW Procedures; van der Lin 
den; Ann Thorac Surg 1995; 59; 1321—5; Predictors of 
Cognitive Decline After Cardiac Operation; NeWman et al.; 
Ann Thorac Surg 1995; 59; 1326—30; Cardiopulmonary 
Bypass; Perioperative Cerebral Blood FloW and Postopera 
tive Cognitive De?cit; Venn et al.; Ann Thorac Surg 1995; 
59; 1331—5; Long-Term Neurologic Outcome After Cardiac 
Operations; Sotaniemi; Ann Thorac Surg 1995; 59; 1336—9; 
Macroemboli and Microemboli During Cardiopulmonary 
Bypass; Blauth; Ann Thorac Surg 1995; 59; 1300—3. 
Commonly oWned, co-pending U.S. provision application 

No. 60/060,117, and corresponding US. patent application 
Ser. No. 09/158,405, Which are hereby incorporated by 
reference, describe an aortic perfusion ?lter catheter for 
prevention of cerebral emboliZation and embolic stroke 
during cardiopulmonary bypass or cardiac surgery. The 
patent literature also includes several other references relat 
ing to vascular ?lter devices for reducing or eliminating the 
potential of emboliZation. These and all other patents and 
patent applications referred to herein are hereby incorpo 
rated by reference in their entirety. The following US. 
patents relates to vena cava ?lters; US. Pat. Nos. 5,549,626, 
5,415,630, 5,152,777, 5,375,612, 4,793,348, 4,817,600, 
4,969,891, 5,059,205, 5,324,304, 5,108,418, 4,494,531. The 
following US. patents relate to vascular ?lter devices: US. 
Pat. Nos. 5,496,277, 5,108,419, 4,723,549, 3,996,938. The 
following US. patents relate to aortic ?lters or aortic ?lters 
associated With atherectomy devices: US. Pat. Nos. 5,662, 
671, 5,769,816. The folloWing international patent applica 
tions relate to aortic ?lters or aortic ?lters associated With 
atherectomy devices: WO 97/17100, WO 97/42879, WO 
98/02084. The folloWing international patent application 
relates to a carotid artery ?lter; WO 98/24377. The patent 
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literature also includes the following US. patents related to 
vascular shunts and associated catheters: US. Pat. Nos. 
3,991,767, 5,129,883, 5,613,948. None of these patents 
related to vascular shunts provides an apparatus or method 
suitable for preventing of cerebral emboliZation and embolic 
stroke or for performing selective perfusion of the aortic 
arch vessels to prevent hypoperfusion during cardiopulmo 
nary bypass or cardiac surgery. 

While some of these previous devices and systems rep 
resent advances in the prevention of some causes of neuro 
logic damage, there continues to be a tremendous need for 
improved apparatus and methods to prevent cerebral 
emboliZation, embolic stroke and cerebral hypoperfusion 
during cardiopulmonary bypass and cardiac surgery. 
Similarly, there continues to be a tremendous need for 
apparatus and methods for selective perfusion of the cere 
brovascular circulation With oxygenated blood or With neu 
roprotective ?uids in the presence of risk factors, such as 
head trauma or cardiac insuf?ciency and also for selective 
perfusion of other organ systems Within the body. 

SUMMARY OF THE INVENTION 

In keeping With the foregoing discussion, the present 
invention takes the form of a perfusion shunt apparatus and 
methods for isolating and selectively perfusing a segment of 
a patient’s cardiovascular system and for directing circula 
tory ?oW around the isolated segment. In a particularly 
preferred embodiment of the invention, the perfusion shunt 
apparatus is con?gured as an aortic perfusion shunt appa 
ratus for deployment Within a patient’s aortic arch and 
methods are described for isolating the aortic arch vessels 
from the aortic lumen, for selectively perfusing the arch 
vessels With a ?uid and for directing blood ?oW Within the 
aortic lumen through a shunt conduit past the isolated arch 
vessels. The perfusion shunt apparatus may be mounted on 
a catheter or cannula for percutaneous introduction via 
peripheral artery access or for direct insertion into a circu 
latory vessel, such as the aorta. The perfusion shunt appa 
ratus protects the patient from cerebral emboliZation and 
embolic stroke during cardiopulmonary bypass or cardiac 
surgery by directing potential emboli doWnstream from the 
aortic arch vessels Where they Will be better tolerated by the 
body. The perfusion shunt apparatus further protects the 
patient from cerebral hypoperfusion by providing selective 
perfusion of the aortic arch vessels and the cerebrovascular 
circulation With oxygenated blood or With neuroprotective 
?uids. The perfusion shunt apparatus also ?nds application 
for selective perfusion of the cerebrovascular circulation in 
the presence of risk factors, such as head trauma or cardiac 
insuf?ciency. The perfusion shunt apparatus Will also ?nd 
application for selective perfusion of other organ systems 
Within the body. 

The perfusion shunt apparatus of the present invention 
includes an expandable shunt conduit With an upstream end, 
a doWnstream end and an internal lumen. The expandable 
shunt conduit is mounted on a catheter or cannula for 
percutaneous introduction via peripheral artery access or for 
direct insertion into the aorta. The expandable shunt conduit 
is a generally cylindrical tube of a ?exible polymeric mate 
rial or fabric that may be impermeable or porous to blood. 
Located at the upstream end of the expandable shunt conduit 
is an upstream sealing member. A doWnstream sealing 
member is located at the doWnstream end of the expandable 
shunt conduit. Optionally, the expandable shunt conduit may 
also include a plurality of support members that bridge 
betWeen the upstream sealing member and the doWnstream 
sealing member. When deployed, the upstream sealing 
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member and the doWnstream sealing member support the 
expandable shunt conduit in an open, deployed con?gura 
tion and create a seal betWeen the expandable shunt conduit 
and the vessel Wall. An annular chamber is created betWeen 
the vessel Wall and the shunt conduit. A perfusion lumen 
Within the catheter shaft communicates With the annular 
chamber external to the shunt conduit. 

In one particularly preferred embodiment, the upstream 
sealing member and the doWnstream sealing member are 
in?atable toroidal balloon cuffs, Which are sealingly 
attached to the upstream end and the doWnstream end of the 
expandable shunt conduit. In another embodiment, the 
upstream sealing member and the doWnstream sealing mem 
ber are in the form of selectively deployable external ?oW 
valves. In yet another embodiment, the upstream sealing 
member and the doWnstream sealing member include 
extendible and retractable elongated expansion members to 
expand the upstream and doWnstream ends of the expand 
able shunt conduit until they contact and create a seal against 
the inner surface of the aorta. 

Optionally, an outer tube may be provided to cover the 
shunt conduit When it is in the collapsed state in order to 
create a smooth outer surface for insertion and WithdraWal of 
the perfusion shunt apparatus and to prevent premature 
deployment of the shunt conduit. Optionally, each embodi 
ment of the perfusion shunt apparatus may also include an 
occlusion device, such as an in?atable balloon, to selectively 
occlude and seal the lumen of the expandable shunt conduit. 
Each embodiment of the perfusion shunt apparatus may also 
include an embolic ?lter for ?ltering potential emboli from 
the blood passing through the internal lumen of the expand 
able shunt conduit. Each embodiment of the perfusion shunt 
apparatus may include one or more radiopaque markers, 
sonore?ective markers or light emitting devices to enhance 
imaging of the apparatus using ?uoroscopy, ultrasonic imag 
ing or aortic transillumination. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1—3 shoW a perfusion shunt apparatus according to 
the present invention con?gured for retrograde deployment 
in a patient’s aortic arch via a peripheral arterial access 
point. FIG. 1 is a cutaWay perspective vieW of the perfusion 
shunt apparatus deployed Within the aortic arch via femoral 
artery access. FIG. 2 is a cross section of the perfusion shunt 
apparatus taken along line 2—2 in FIG. 1. FIG. 3 shoWs the 
apparatus With the shunt in a collapsed state for insertion or 
WithdraWal of the device from the patient. 

FIG. 4 shoWs an alternate embodiment of the perfusion 
shunt apparatus using external ?oW control valves as sealing 
members. 

FIGS. 5 and 6 shoW an aortic perfusion shunt apparatus 
con?gured for retrograde deployment via subclavian artery 
access. FIG. 5 is a cutaWay perspective vieW of the perfusion 
shunt apparatus deployed Within the aorta. FIG. 6 shoWs the 
apparatus With the perfusion shunt conduit in a collapsed 
state for insertion or WithdraWal of the device from the 
patient. 

FIGS. 7 and 8 shoW an aortic perfusion shunt apparatus 
con?gured for antegrade deployment via direct aortic inser 
tion. FIG. 7 is a cutaWay perspective vieW of the perfusion 
shunt apparatus deployed Within the aorta. FIG. 8 shoWs the 
apparatus With the perfusion shunt in a collapsed state for 
insertion or WithdraWal of the device from the aorta. 

FIGS. 9a—9b and 10a—10b shoWs an embodiment of an 
aortic perfusion shunt apparatus With an aortic occlusion 
mechanism at the upstream end of the shunt conduit. 
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FIGS. 11a—11b and 12a—12b show an alternate embodi 
ment of an aortic perfusion shunt apparatus With an aortic 
occlusion mechanism at the upstream end of the shunt 
conduit. 

FIG. 13 shoWs an alternate construction of an aortic 
perfusion shunt apparatus according to the present inven 
tion. 

FIG. 14a is an end vieW of the aortic perfusion shunt 
apparatus of FIG. 13. FIG. 14b is a cross section of the aortic 
perfusion shunt apparatus of FIG. 13. 

FIG. 15 shoWs another alternate construction of an aortic 
perfusion shunt apparatus according to the present inven 
tion. 

FIG. 16 is a cross section of the aortic perfusion shunt 
apparatus of FIG. 15. 

FIG. 17 shoWs an aortic perfusion ?lter shunt apparatus 
according to the present invention. 

FIG. 18 shoWs a combined aortic perfusion shunt appa 
ratus With an embolic ?lter mechanism positioned at the 
doWnstream end of the shunt conduit. 

FIG. 19 shoWs an alternate embodiment of an aortic 
perfusion shunt apparatus combined With an embolic ?lter 
mechanism positioned Within the shunt conduit. 

FIGS. 20 and 21 shoW an aortic perfusion shunt apparatus 
con?gured for retrograde deployment via femoral artery 
access and having upstream and doWnstream sealing mem 
bers operated by extendible and retractable elongated expan 
sion members. FIG. 20 is a cutaWay perspective vieW of the 
perfusion shunt apparatus deployed Within the aorta. FIG. 21 
shoWs the apparatus With the perfusion shunt conduit in a 
collapsed state for insertion or WithdraWal of the device 
from the patient. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIGS. 1—3 shoW a perfusion shunt apparatus 100 accord 
ing to the present invention con?gured for retrograde 
deployment in a patient’s aortic arch via a peripheral arterial 
access point. FIG. 1 is a cutaWay perspective vieW of the 
perfusion shunt apparatus 100 deployed Within the aortic 
arch via femoral artery access. FIG. 2 is a cross section of 
the perfusion shunt apparatus 100 taken along line 2—2 in 
FIG. 1. FIG. 3 shoWs the distal end of the apparatus With the 
shunt conduit 102 in a collapsed state for insertion or 
WithdraWal of the device from the patient. 

Referring noW to FIG. 1, the perfusion shunt apparatus 
100 is shoWn in an expanded or deployed state Within a 
patient’s aortic arch. The perfusion shunt apparatus 100 
includes an expandable shunt conduit 102, Which has an 
upstream end 104, a doWnstream end 106 and an internal 
lumen 112. Preferably, the expandable shunt conduit 102 is 
constructed as a generally cylindrical tube of a ?exible 
polymeric material or fabric that is substantially imperme 
able to blood or ?uid ?oW. Suitable materials for the 
expandable shunt conduit 102 include, but are not limited to, 
polyvinylchloride, polyurethane, polyethylene, 
polypropylene, polyamides (nylons), polyesters and alloys 
of copolymers thereof, as Well as knitted, Woven or non 
Woven fabrics. Located at the upstream end 104 of the 
expandable shunt conduit 102 is an upstream shunt conduit 
support and sealing member 108. A doWnstream shunt 
conduit support and sealing member 110 is located at the 
doWnstream end 106 of the expandable shunt conduit 102. 
When deployed, the upstream sealing member 108 and the 
doWnstream sealing member 110 support the expandable 
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6 
shunt conduit 102 in an open, deployed con?guration and 
create a seal betWeen the expandable shunt conduit 102 and 
the vessel Wall, as shoWn in FIG. 1. An annular chamber 130 
is thus created betWeen the vessel Wall and the shunt conduit 
102. The annular chamber 130 is delimited on the upstream 
end by the upstream sealing member 108 and on the doWn 
stream end by the doWnstream sealing member 110 and is 
isolated from the internal lumen 112 by the cylindrical Wall 
of the shunt conduit 102. In one particularly preferred 
embodiment, the upstream shunt conduit support and sealing 
member 108 and the doWnstream shunt conduit support and 
sealing member 110 are con?gured as in?atable annular 
balloon cuffs, Which are sealingly attached to the upstream 
end 104 and the doWnstream end 106 of the expandable 
shunt conduit 102, respectively. Suitable materials for the 
in?atable annular balloon cuffs 108, 110 include ?exible 
polymers and elastomers, Which include, but are not limited 
to, polyvinylchloride, polyurethane, polyethylene, 
polypropylene, polyamides (nylons), polyesters, latex, 
silicone, and alloys, copolymers and reinforced composites 
thereof. 

Optionally, the expandable shunt conduit 102 may also 
include a plurality of support members 136, Which bridge 
betWeen the upstream sealing member 108 and the doWn 
stream sealing member 110. The support members 136 
strengthen the expandable shunt conduit 102 and help to 
hold the internal lumen 112 open When the perfusion shunt 
apparatus 100 is deployed. The support members 136 may 
be made of a semi-rigid, resilient Wire or polymer material 
joined to or formed integrally With the Wall of the shunt 
conduit 102. The support members 136 may be longitudi 
nally oriented With respect to the shunt conduit 102, as 
shoWn, or they may be con?gured as one or more circum 
ferential hoops or helical support members. The expandable 
shunt conduit 102 and the support members 136 may be 
made in a straight, but someWhat ?exible, con?guration so 
that they conform naturally to the internal curvature of the 
patient’s aortic arch When deployed. Alternatively, the 
expandable shunt conduit 102 and the support members 136 
may be preshaped With a curve to match the internal 
curvature of the patient’s aortic arch. 

Preferably, the expandable shunt conduit 102 betWeen the 
upstream member 108 and the doWnstream sealing member 
110 Will have a length sufficient to bridge across the target 
branch vessels Without occluding them. In various embodi 
ments con?gured for different clinical applications, the 
expandable shunt conduit 102 is preferably from 1 cm to 40 
cm in length, more preferably from 5 cm to 15 cm in length. 
In one particularly preferred embodiment con?gured for 
perfusing the aortic arch vessels in adult human patients, the 
expandable shunt conduit 102 is preferably approximately 8 
cm to 12 cm in length. Likewise, the diameter of the 
expandable shunt conduit 102 is also adaptable for a variety 
of different clinical applications. The expandable shunt 
conduit 102 should have a large enough diameter, When 
expanded, to alloW suf?cient blood ?oW through the expand 
able shunt conduit 102 to adequately perfuse the organs and 
tissues doWnstream of the deployed perfusion shunt appa 
ratus 100. Preferably, the expandable shunt conduit 102 is of 
a diameter slightly smaller than the host vessel into Which it 
is intended to be introduced so that the Wall of the expand 
able shunt conduit 102 is separated from the vessel Wall 
creating an annular chamber 130 betWeen the upstream 
sealing member 108 and the doWnstream sealing member 
110, as described above. This arrangement also prevents the 
Wall of the expandable shunt conduit 102 from occluding or 
restricting ?oW of perfusate into the target branch vessels. In 
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various embodiments con?gured for different clinical 
applications, the expandable shunt conduit 102 is preferably 
from 0.2 cm to 10 cm in diameter, more preferably from 1 
cm to 5 cm in diameter. For deployment in the aortic arch 
and perfusing the aortic arch vessels in adult human patients, 
the expandable shunt conduit 102 is preferably approxi 
mately 1.0 cm to 2.5 cm in diameter. With these dimensions, 
the internal lumen 112 of the expandable shunt conduit 102 
Will be capable of delivering approximately 2 to 4 liters of 
oxygenated blood per minute from the heart, Which are 
necessary to adequately perfuse the organs and tissues 
doWnstream of the aortic arch. When deployed, the upstream 
sealing member 108 and the doWnstream sealing member 
110 preferably have an inner diameter approximately equal 
to the diameter of the expandable shunt conduit 102 and an 
outer diameter sufficient to seal against the interior Wall of 
the host vessel. In various embodiments con?gured for 
different clinical applications, the upstream sealing member 
108 and the doWnstream sealing member 110 preferably 
have an outer diameter of 0.3 cm to 15 cm, more preferably 
1 cm to 7 cm. For deployment in the aortic arch in adult 
human patients, the upstream sealing member 108 and the 
doWnstream sealing member 110 preferably have an outer 
diameter of approximately 1.5 cm to 3.5 cm. 

Preferably, the expandable shunt conduit 102 is mounted 
on an elongated catheter shaft or cannula 102 for introduc 
tion into the patient’s circulatory system. In this exemplary 
embodiment of the perfusion shunt apparatus 100, the elon 
gated catheter shaft 120 is con?gured for retrograde deploy 
ment of the expandable shunt conduit 102 in a patient’s 
aortic arch via a peripheral arterial access point, such as the 
femoral artery. The elongated catheter shaft 120 should have 
a length suf?cient to reach from the arterial access point 
Where it is inserted into the patient to the aortic arch. For 
femoral artery deployment, the elongated catheter shaft 120 
preferably has a length from approximately 60 to 120 cm, 
more preferably 70 to 90 cm. The elongated catheter shaft 
120 is preferably extruded of a ?exible thermoplastic mate 
rial or a thermoplastic elastomer. Suitable materials for the 
elongated catheter shaft 120 include, but are not limited to, 
polyvinylchloride, polyurethane, polyethylene, 
polypropylene, polyamides (nylons), polyesters, and alloys 
or copolymers thereof, as Well as braided, coiled or coun 
terWound Wire or ?lament reinforced composites. 
Optionally, the distal end of the catheter shaft 120 may be 
preshaped With a curve to match the internal curvature of the 
patient’s aortic arch. 
As seen in the cross section of the apparatus in FIG. 2, the 

elongated catheter shaft 120 has a perfusion lumen 122, a 
?rst in?ation lumen 124 and a second in?ation lumen 126. 
The catheter shaft 120 has one or more perfusion ports 118 
that connect the perfusion lumen 122 With the annular 
chamber 130 on the exterior of the shunt conduit 102 
betWeen the upstream sealing member 108 and the doWn 
stream sealing member 110. The proximal end 128 of the 
elongated catheter shaft 120 is adapted for connecting the 
perfusion lumen 122 to a cardiopulmonary bypass pump or 
other source of oxygenated blood or other ?uid using 
standard barb connectors or other connectors, such as a 

standard luer ?tting (not shoWn). The perfusion lumen 122 
should be con?gured to alloW suf?cient ?uid ?oW to pre 
serve organ and tissue function of the organs and tissues 
supplied by the target branch vessels. For cerebral perfusion, 
the perfusion lumen 122 should be con?gured to alloW 
sufficient ?uid ?oW to preserve organ function of the brain 
and other tissues supplied by the arch vessels. For normo 
thermic perfusion With oxygenated blood, the perfusion 
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8 
lumen 122 should have sufficient cross-sectional area to 
alloW 0.5 to 1.5 liters per minute, and more preferably 0.75 
to 1.0 liters per minute, of blood ?oW Without signi?cant 
hemolysis or other damage to the blood. For hypothermic 
perfusion With cooled oxygenated blood, the ?oW rate can be 
reduced to 0.25 to 0.75 liters per minute, permitting a 
reduction in the cross-sectional area of the perfusion lumen 
122. For perfusion With blood substitutes, such as 
per?uorocarbons, or With neuroplegic solutions, the cross 
sectional area of the perfusion lumen 122 should be 
designed to alloW suf?cient ?oW rate to preserve organ 
function given the viscosity, pressure susceptibility and the 
oxygen and metabolite transport capabilities of the chosen 
perfusate ?uid. 

Optionally, the perfusion shunt apparatus 100 may be 
con?gured for introduction over a guideWire. For example, 
the perfusion lumen 122 of the elongated catheter shaft 120 
may be adapted for accepting a guideWire. The perfusion 
lumen 122 may be provided With a distal opening at the 
distal end of the elongated catheter shaft 120 for passing a 
guideWire, such as an 0.035 or 0.038 inch diameter 
guideWire. Optionally, a valve, such as the catheter valve 
described in US. Pat. No. 5,085,635, Which is hereby 
incorporated by reference, may be included at the distal end 
of the perfusion lumen 122 to prevent perfusate from 
passing through the distal opening during perfusion. 
Alternatively, the elongated catheter shaft 120 may include 
an addition lumen (not shoWn) for introducing the perfusion 
shunt apparatus 100 over a guideWire. 

In various embodiments of the perfusion shunt apparatus 
100 con?gured for different clinical applications, the elon 
gated catheter shaft 120 preferably has an external diameter 
from 3 to 24 French siZe (1 to 8 mm diameter), more 
preferably from 8 to 16 French siZe (2.7 to 5.3 mm 
diameter). In one particularly preferred embodiment con?g 
ured for perfusing the aortic arch vessels With normothermic 
blood in adult human patients, the elongated catheter shaft 
120 preferably has a length of approximately 70 to 90 cm 
and an external diameter from approximately 10 to 14 
French siZe (3.3 to 4.6 mm diameter), Which alloWs a ?oW 
rate of approximately 0.75 to 1.0 liters per minute. In 
another preferred embodiment con?gured for perfusing the 
aortic arch vessels With hypothermic blood in adult human 
patients, the elongated catheter shaft 120 preferably has a 
length of approximately 70 to 90 cm and an external 
diameter from approximately 8 to 12 French siZe (2.6 to 4.0 
mm diameter), Which alloWs a ?oW rate of approximately 
0.25 to 0.75 liters per minute. 

Preferably, the perfusion shunt apparatus 100 includes 
one or more markers, Which may include radiopaque mark 
ers and/or sonore?ective markers, to enhance imaging of the 
perfusion shunt apparatus 100 using ?uoroscopy or 
ultrasound, such as transesophageal echography By 
Way of example, FIGS. 1 and 3 shoW a perfusion shunt 
apparatus 100 having a ?rst, upstream radiopaque and/or 
sonore?ective marker ring 140 on the catheter shaft 120 just 
proximal to the upstream sealing member 108 and a second, 
doWnstream radiopaque and/or sonore?ective marker ring 
142 on the catheter shaft 120 just distal to the doWnstream 
sealing member 110. Alternatively or additionally, radio 
paque markers and/or sonore?ective markers may be placed 
on the sealing members 108, 110 and/or the shunt conduit 
102 to shoW the position and/or the deployment state of the 
perfusion shunt apparatus 100. 
A ?rst in?ation port 114 connects the ?rst in?ation lumen 

124 With the interior of the in?atable annular balloon cuff 
that forms the upstream sealing member 108. The proximal 
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end of the ?rst in?ation lumen 124 is connected to a ?rst luer 
?tting 132 or other suitable in?ation connector. A second 
in?ation port 114 connects the second in?ation lumen 126 
With the interior of the in?atable annular balloon cuff of the 
doWnstream sealing member 110. The proximal end of the 
second in?ation lumen 126 is connected to a second luer 
?tting 134 or other suitable in?ation connector. This con 
?guration alloWs individual in?ation and de?ation control of 
the upstream sealing member 108 and the doWnstream 
sealing member 110. In an alternate con?guration of the 
perfusion shunt apparatus 100, the elongated catheter shaft 
120 may be made With a single in?ation lumen connected to 
both the ?rst in?ation port 114 and the second in?ation port 
114 and connected at the proximal end to a single luer ?tting. 
In this alternate con?guration, the upstream sealing member 
108 and the doWnstream sealing member 110 Would be 
simultaneously in?ated and de?ated through the single in?a 
tion lumen. Such a con?guration could be used to reduce the 
overall diameter of the elongated catheter shaft 120. 

Referring noW to FIG. 3, the perfusion shunt apparatus 
100 is shoWn in an undeployed or collapsed state for 
insertion or WithdraWal of the device from the patient. To 
place the perfusion shunt apparatus 100 in the collapsed 
state, the upstream sealing member 108 and the doWnstream 
sealing member 110‘ are de?ated and the shunt conduit 102‘ 
is Wrapped or folded around the catheter shaft 120 to reduce 
its overall diameter. Optionally, an outer tube 138 may be 
provided to cover the shunt conduit 102 When it is in the 
collapsed state in order to create a smooth outer surface for 
insertion and WithdraWal of the perfusion shunt apparatus 
100 and to prevent premature deployment of the shunt 
conduit 102. 

The perfusion shunt apparatus 100 is prepared for use by 
folding or compressing the shunt conduit 102‘ into a col 
lapsed state Within the outer tube 138, as shoWn in FIG. 3. 
The distal end of the perfusion shunt apparatus 100 is then 
inserted into the aorta in a retrograde fashion. Preferably, 
this is done through a peripheral arterial access, such as the 
femoral artery or subclavian artery, using the Seldinger 
technique or an arterial cutdoWn. Alternatively, the perfusion 
shunt apparatus 100 may be introduced directly through an 
incision into the descending aorta after the aorta has been 
surgically exposed. The perfusion shunt apparatus 100 is 
advanced up the descending aorta and across the aortic arch 
While in the collapsed state. The position of the perfusion 
shunt apparatus 100 may be monitored using ?uoroscopy or 
ultrasound, such as transesophageal echography (TEE), With 
the help of the radiopaque markers and/or sonore?ective 
markers 140, 142 on the catheter shaft 120. When the 
upstream marker ring 140 is positioned in the ascending 
aorta betWeen the aortic valve and the brachiocephalic artery 
and the doWnstream marker ring 142 is positioned doWn 
stream of the left subclavian artery, the outer tube 124 is 
WithdraWn and the shunt conduit 102 is expanded by in?at 
ing the upstream sealing member 108 and the doWnstream 
sealing member 110, as shoWn in FIG. 1. To encourage the 
upstream sealing member 108 and the doWnstream sealing 
member 110 to seal With the inner surface of the aorta, they 
may be made With differential Wall compliance that encour 
ages the toroidal balloons to expand outWard, aWay from the 
expandable shunt conduit 102. For example, the upstream 
sealing member 108 and the doWnstream sealing member 
110 may be made With a thicker balloon Wall 109 near the 
inner surface of the toroidal balloon and a thinner balloon 
Wall 111 near the outer surface of the toroidal balloon, as 
indicated in FIG. 2. Differential Wall compliance can also be 
accomplished by combining different balloon materials of 
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10 
varying elasticity. The annular chamber 130 surrounding the 
shunt conduit 102 created by in?ation of the upstream 
sealing member 108 and the doWnstream sealing member 
110 is ?uidly connected to the arch vessels and is isolated 
from the lumen of the aorta. Once the perfusion shunt 
apparatus 100 is deployed, oxygenated blood or another 
chosen perfusate may be infused through the perfusion 
lumen 122 to selectively perfuse the arch vessels that deliver 
blood to the brain and the upper extremities. 

If the perfusion shunt apparatus 100 is to be used in 
conjunction With cardiopulmonary bypass, an arterial return 
cannula 146 may be placed in the ascending aorta upstream 
of the shunt conduit 102 using knoWn methods. Blood ?oW 
the aortic lumen from the beating heart and/or from the 
arterial return cannula 146 is shunted past the arch vessels 
through the internal lumen 112 of the shunt conduit 102. If 
desired, a standard cross clamp and a cardioplegia needle or 
an intra-aortic occlusion catheter, such as described in US. 
Pat. Nos. 5,308,320 and 5,383,854, by Peter Safar, S. 
William SteZoski, and Miroslav Klain, Which are hereby 
incorporated by reference may be applied upstream of the 
arterial cannula 146 for isolating the coronary arteries and 
inducing cardioplegic arrest. After use, the shunt conduit 
102 is returned to the collapsed position by de?ating the 
upstream sealing member 108 and the doWnstream sealing 
member 110 and advancing the outer tube 138 distally over 
the shunt conduit 102, then the apparatus 100 is WithdraWn 
from the patient. 

Selective perfusion of the arch vessels provides protection 
from emboliZation or hypoperfusion of the brain. Any poten 
tial emboli from the cardiopulmonary bypass circuit or from 
surgical manipulation of the heart or the aorta are prevented 
from entering the neurovascular through the arch vessels. 
After use, the perfusion shunt assembly 102 is returned to 
the collapsed position and the catheter 100 is WithdraWn 
from the patient. 

In an alternate method for use With this and other embodi 
ments of the perfusion shunt apparatus described herein, the 
perfusion shunt apparatus 100 may be deployed by in?ating 
the upstream sealing member 108 only to expand the shunt 
conduit 102 and leaving the doWnstream sealing member 
110 unin?ated. Aortic blood ?oW from the heart or from an 
arterial return cannula 146 Will hold the shunt conduit 102 
in the open position. Potential emboli are prevented from 
entering the arch vessels and the cerebral circulation by 
pumping perfusate through the perfusion lumen 122 at a 
suf?cient rate to create a pressure gradient that prevents 
blood ?oWing through the shunt conduit 102 from entering 
the annular chamber 130 surrounding the shunt conduit 102. 
When using this alternate method, the perfusion shunt 
apparatus 100 may be simpli?ed by eliminating the doWn 
stream sealing member 110 from the shunt conduit 102. 

In an alternate embodiment of the perfusion shunt appa 
ratus 150, shoWn deployed Within a patient’s aortic arch in 
FIG. 4, the upstream sealing member 152 and the doWn 
stream sealing member 154 may take the form of external 
?oW control valves, as described in commonly oWned, 
copending US. patent application Ser. Nos. 08/665,635, 
08/664,361, now US. Pat. Nos. 5,827,237, and Ser. No. 
08/664,360, now US. Pat. No. 5,833,671, Which are hereby 
incorporated by reference. In this alternate embodiment, the 
upstream sealing member 152 Would preferably be in the 
form of an antegrade, peripheral ?oW valve and the doWn 
stream sealing member 154 Would preferably be in the form 
of a retrograde, peripheral ?oW vale. In such a con?guration, 
positive perfusion pressure Within the annular chamber 156 
surrounding the shunt conduit 160 Would tend to seal the 
















